organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

5-Cyclopentyl-3-methylsulfinyl-2-phenyl- 
1-benzofuran 

Hong Dae Choi,'' Pil Ja Sec/ Byeng Wha Son** and Uk 
Lee''* 

^Department of Chemistry, Dongeui University, San 24 Kaya-dong Busanjin-gu, 
Busan 614-714, Republic of Korea, and "'Department of Chemistry, Pukyong 
National University, 599-1 Daeyeon 3-dong, Nam-gu, Busan 608-737, Republic of 
Korea 

Correspondence e-mail: uklee@pknu.ac.kr 
Received 21 March 201 1 ; accepted 23 March 201 1 

Key indicators: single-crystal X-ray study; T = 1 73 K; mean o-(C-C) = 0.004 A; 
disorder in main residue; R factor = 0.055; wR factor = 0.139; data-to-parameter 



Monoclinic, P2^/c 
a = 5.9586 (7) A 
b = 25.397 (3) A 
c = 10.7804 (12) A 
P = 90.038 (2)° 
V = 1631.4 (3) A-' 

Data collection 

Bmker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T^„ = 0.934, r„,^^ = 0.976 

Refinement 

R[F^ > 2a{F^)] = 0.055 

wR(F^) = 0.139 

S = 1.06 

3749 reflections 

228 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
jLt = 0.21 mm^' 
T = 173 K 

0.34 X 0.15 X 0.12 mm 



15888 measured reflections 
3749 independent reflections 
2998 reflections with / > 2tT(/) 
Ri„, = 0.043 



36 restraints 

H-atom parameters constrained 
Ap„ax = 0.42 e A"' 
APmin = -0.37 e A"' 



ratio = 1 6.4. 


D-H- - A 


D-H 


H-A 


D-A 


D-H- - A 




C19-H19-02' 


0.95 


2.53 


3.324 (3) 


142 



In the title compound, C20H20O2S, the cyclopentyl ring adopts 
an envelope conformation with the flap atom connected to the 
benzofuran residue. The phenyl ring makes a dihedral angle of 
32.36 (9)° with the mean plane of the benzofuran fragment. In 
the crystal, molecules are linked through weak C— H- ■ O 
interactions. In the cyclopentyl ring, two adjacent C atoms are 
disordered over two sets of sites with site occupancy factors of 
0.675 (8) and 0.325 (8). 



Symmetry code: (i) x, —y + z — \. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXL97. 



Related literature 

For the biological activity of benzofuran compounds, see: 
Aslam et al. (2006); Galal et al. (2009); Khan et al. (2005). For 
natural products with benzofuran rings, see: Akgul & Anil 
(2003); Soekamto et al. (2003). For structural studies of related 
2-aryl-5-cyclohexyl-3 -me thylsulfinyl- 1 -benzofuran derivative s, 
see: Choi et al. (2011fl,£i). 




Experimental 

Crystal data 

C20H20O2S = 324.42 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: TK2730). 
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5-Cyclopeiityl-3-methylsulfinyl-2-phenyl-l-benzofuran 
H. D. Choi, P. J. Seo, B. W. Son and U. Lee 

Comment 

Many compounds having a benzofuran skeleton have attracted much attention due to their pharmacological properties such 
as antifungal, antimicrobial, antitumor and antiviral activities (Aslam et al, 2006; Galal et al, 2009; Khan et al, 2005). 
These compounds occur in a wide range of natural products (Akgul & Anil, 2003; Soekamto et al, 2003). As part of our 
ongoing program investigating the substituent effect on the solid state structures of 2-aryl-5-cyclohexyl-3-methylsulfinyl- 
1-benzofuran analogues (Choi et al, 2011fl, b), we report herein on the crystal structure of the title compound. 

In the title molecule (Fig. 1), the benzofiiran unit is essentially planar, with a mean deviation of 0.012 (2) A from the 
least-squares plane defined by the nine constituent atoms. The cyclopentyl ring is in the envelope form. In the cyclopentyl 
ring, two C atoms (C9 & CIO) are disordered over two positions with site-occupancy factors, from refinement of 0.675 (8) 
(part A) and 0.325 (8) (part B). The phenyl ring makes a dihedral angle of 32.36 (9)° with the mean plane of the benzofuran 
ring. The crystal packing is stabilized by a weak intermolecular C — H - 0 hydrogen bond between a phenyl-H atom and the 

oxygen of the S=0 unit (Table 1; C19— H19 -02'). 
Experimental 

77% 3-Chloroperoxybenzoic acid (269 mg, 1.2 mmol) was added in small portions to a stirred solution of 5-cyclopentyl- 
3-methylsulfanyl-2-phenyl-l -benzofuran (339 mg, 1.1 mmol) in dichloromethane (30 mL) at 273 K. After being stirred at 
room temperature for 3 h, the mixture was washed with saturated sodium bicarbonate solution and the organic layer was 
separated, dried over magnesium sulfate, filtered and concentrated at reduced pressure. The residue was purified by column 
chromatography (hexane-ethyl acetate, 2:1 v/v) to afford the title compound as a colorless solid [yield 73%, M.pt. 415-416 
K; 7?f = 0.61 (hexane-ethyl acetate, 2:1 v/v)]. Single crystals suitable for X-ray diffraction were prepared by slow evapora- 
tion of an acetone solution of the title compound held at room temperature. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model, with C — H = 0.95 A for aryl, 1.00 A for 
methine, 0.99 A for methylene and 0.98 A for methyl H atoms, respectively. C/iso(H) =1.2C/eq(C) for aryl-, methine- and 
methylene-H, and 1.5C/eq(C) for methyl-H atoms. Two C atoms of the cyclopentyl ring are disordered over two positions 
with site occupancy factors, from refinement, of 0.675 (8) (part A) and 0.325 (8) (part B). The distance of equivalent C — C 
parrs was restrained to 0.001 A using command DFIX and SADI, and displacement ellipsoids of C9 and CIO set were 
restrained to 0.01 using commend ISOR. 
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Figures 




Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. H atoms are presented as a small 
spheres of arbitrary radius. 



5-Cyclopentyl-3-methylsulfinyl-2-phenyl-1-benzofuran 



Crystal data 
C20H20O2S 
Mr = 324 A2 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
a = 5.9586 (7) A 
* = 25.397 (3) A 
c= 10.7804(12) A 
13 = 90.038 (2)° 

V= 1631.4 (3) A^ 

Z = 4 



_-3 



^"(000) = 68 
Dx= 1.321 Mgm" 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 3689 reflections 
6 = 2.5-26.8° 
|x = 0.21 mm ' 
T= 173 K 
Block, colourless 
0.34x0.15x0.12 mm 



Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Radiation source: rotating anode 
graphite multilayer 

Detector resolution: 10.0 pixels mm" 
(p and CO scans 

Absorption correction: multi-scan 
{SADABS; Bruker, 2009) 

rmin = 0.934, rn,ax = 0.976 

15888 measured reflections 



3749 independent reflections 

2998 reflections with / > 2a{I) 
i?,„t = 0.04; 

Qmax = 27.6 
h = -1-^1 

yt = -33^32 

/ = -14-*13 



Refinement 

2 

Refinement on F 
Least-squares matrix: full 
R[F^ > 2a{F^)] = 0.055 
wi?(F^) = 0.139 

S= 1.06 

3749 reflections 
228 parameters 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H-atom parameters constrained 

w= V[o\Fo^) + (0.0448^)^ + 1.8445P] 

where P = {Fo^ + 2F^^)/3 

(A/a)^ax< 0.001 

Apmax = 0.42 e A"^ 
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36 restraints Apmin = -0.37 e A 

Special details 

Geometry. All csds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F'^ against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, convention- 
al R-factors R are based on F, with F set to zero for negative F'^. The threshold expression of F^ > 2sigma(F^) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F'^ are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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1 /I 1 A //I \ 
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C13 — HI 3d 


A AAAA 

U.yyuu 


C4— C9B 




l.D3y (4) 


C13 — xil3C 


A AAAA 

U.yyuu 
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1 z An A\ 
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C13 — hll3JJ 


A AAAA 

U.yyuu 


C5— C6 




1.3 / / (4) 


C14 — ciy 


i.35y (3) 


C5— H5 




A ACAA 


C14 — CI J 


1.3y/ (3) 


C6— C7 




1.3 /D (3j 


Clj — ClO 


1.3oz (4) 


C6— H6 




A ACAA 


c LJ1 c 
C 1 J — rl 1 D 


A ACAA 

u.yjuu 


C8— C14 




1.4ol (3J 


1 <c ^^^^ 
ClD — CI / 


1 TOT //lA 

1.3oz (4J 


C9A— C13 




l.jl3 (4J 


a XJ1 
Clo — xilo 


A ACAA 

u.yjuu 


C9A— ClOA 




l.j44 (4) 


^^^^ ^^^o 
CI / — Clo 


1.3o3 (4) 


C9A— H9A 




1 AAAA 
l.UUUU 


C 1 / — rl 1 / 


A ACAA 

U.yyuu 


C9B— C13 




1 C 1 T /"/I \ 

l.jl3 (4) 


Clo — ciy 


1 inn ^ A\ 
1.3// (4) 


C9B— ClOB 






1 0 — n 1 0 




C9B— H9B 




1.0000 


C19 — H19 


0.9500 


ClOA— Cll 




1.550 (2) 


C20 — H20A 


0.9800 


ClOA— HI OA 




0.9900 


C20 — H20B 


0.9800 


ClOA— HlOB 




0.9900 


C20 — H20C 


0.9800 


ClOB— Cll 




1.551 (2) 






02— SI— CI 




11)6.54 (11) 


rll 1 A — Cll — ril IB 


1 AO 0 

11)6.6 


02— SI— C20 




106.33 (12) 


C12 — Cll — ^rll IC 


1 1 1 T 
1 1 l.Z 


CI— SI— C20 




y/. 10 (11) 


/^lAA 1 XJ1 1 /"^ 

L.1UA — Cll — ^rlllC 


13U. / 


C8— 01— C7 




lUo.iy (1/) 


ClUD — Cll — ^rlllC 


1111 


C8— CI— C2 




1 AT 1 

lu/.l (/) 


HI 1 A — Cll — HI IC 


T C A 
/J. I) 


C8— CI— SI 




IT/; AO / 1 o\ 

126.1)6 (Is) 


HUB — Cll — HI IC 


0/; A 

66.1) 


C2— CI— SI 




126.56 (17) 


C12 — Cll — ^HllD 


1110 

111.2 


C7— C2— C3 




1100 /'>\ 

116.6 (/) 


ClUA — Cll — HI lU 


OCA 

63. y 


C7— C2— CI 




1 A^ 1 
1U5.1 (Z) 


ClUB — Cll — HI lU 


I 1 1 0 

I I l.Z 


C3— C2— CI 




136.1 (2) 


TTIIA /"'ll TTII T~\ 

HUA — Cll — HUU 


128.2 


C4— C3— C2 




119.4(2) 


HUB— Cll— HI ID 


26.2 


C4— C3— H3 




120.3 


HllC— Cll— HllD 


109.1 


C2— C3— H3 




120.3 


Cll— C12— C13 


105.8 (2) 


C3— C4— C5 




119.0(2) 


Cll— C12— H12A 


110.6 


C3— C4— C9B 




117.0(3) 


C13— C12— H12A 


110.6 



0.0007 (10) 
-0.0018(10) 
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CJ — C4 — cyA 
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/^c r^A t^C\ A 
L.3 — C4 — L-yA 


1 1 O T 

1 1 0. / (ZJ 


Cyrs — L.4 — CyA 


Z6.U (ij 


/"'/C /"'C /"'/I 

Co — C5 — C4 
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LlZ.y (zj 


r^i^ r^iz. 

Co — — MD 


1 1 O 

1 lo.O 


r^/i Tj^ 
L/t — L.J — Mj 


1 1 Q /; 
iio.o 


r"''? r"*/: 


liO.i {!) 


r^n f^/i u/c 
C / — Co — Ho 


1 A 

122. U 


r^z r^i^ u/^ 
— Co — xlo 


1 T) A 

122. U 


Co — C / — U 1 


12D.4 (2) 


r^n 

Co — C / — C/ 


12j.y (2) 


f^n f^"< 
Ul — C / — C/ 


1 1 A "7 /OA 
UU. / (2) 


CI — Co — (Jl 


UU.O (2) 


/"'O /I 

CI — Co — C14 


133. o (2) 


Ul — Co — C14 


lie C /TA 
1 1 J. J (2) 


CI J — CyA — C4 


11 J. 2 (2J 


C 1 i — Cy A — L. 1 UA 


1 AA C 
lUU.J (3J 


LA — CyA — C i U A 


111 1 

111.1 (2 J 


/"'IT /^n A un A 

c 1 o — cy A — Hy A 


1 AA A 


/^A /^Ct A TUn A 

C4 — cyA — ^riyA 


1 AA A 


L. i U A — cyA — Hy A 


1 AA A 


C 1 3 — CytS — L.4 


llj.2 {2) 


C 1 i — cy rS — C 1 Urs 


1 A'3 /C //CA 
1U3.0 (o) 


f^A /^riD 1 AID 

C4 — Cyri — C 1 Ud 


11 J. 2 P) 


c 1 i — cyts — Hyts 


1 AT C 


f^A /^AD UAD 

C4 — cyts — Hyhs 


1 A"? C 
lU /.J 


/^lAD /^AD UAD 

ClUB — Cyts — Wya 


1 A"? C 
lU /.J 


cy A — C 1 UA — C 1 1 


1 AT A /Q \ 
1U2.U (3) 


/^A A /^lAA XJ1AA 

cy A — C 1 UA — H 1 UA 


111 /I 

1 1 1.4 


/^11 /^lAA U1AA 

CI 1 — ClUA — HlUA 


111 A 

1 1 1 .4 


/^A A 1 A A TU 1 AD 

cy A — C 1 UA — H 1 Urs 


111 A 

1 1 1.4 


1 /^lAA XJ1 AD 

Cil — ClUA — ^rllUB 


111 A 

111.4 


XJ1 A A /^lAA XJ1 AD 

HlUA — ClUA — HlUB 


1 AA 1 


/^AD /^lAD 1 1 

cy rJ — C 1 Urs — C 1 1 


AA A 

VV.U (3) 


/^AD 1 AD T-J 1 f\r^ 

cy rs — C 1 UrS — rl 1 UC 


1 1 T A 

1 12.U 


1 AD XJ1 A/^ 

Cll — ClUrs — ^rllUC 


1 1 1 A 

112. U 


/^AD /^lAD XT1 AT~\ 

Cyrs — ClUrs — rllUU 


1 1 O A 

112.U 


1 1 AD Ul AT~\ 

CI 1 — ClUrs — HIUU 


1 1 T A 

1 12.U 


TU 1 t\f^ 1 AD U 1 AT~\ 

rl 1 UC — C 1 Urs — i\ 1 UU 


1 AA 


Clz — Cll — ClUA 


1 AC C 

105.5 (3) 


Clz — Cll — ClUB 


lUz. / (d) 


ClUA — Cll — ClUrs 


Zo.o (j) 


C12— Cll— HllA 


110.6 


ClOA— Cll— HllA 


110.6 


ClOB— Cll— HllA 


87.6 


C12— Cll— HUB 


110.6 


ClOA— Cll— HUB 


110.6 


ClOB— Cll— HUB 


133.6 



Cll — CI 2 — HI 2d 


1 1 A /; 
1 lU.D 


C13 — C12 — xil2D 


1 1 A 

11U.6 


XJ1 O A O XJ1 

ril2A — C12 — M12d 


1 AO n 
lUo./ 


cyA — c 1 3 — cyB 


Z0.3 (i) 


i^A A 1 "J 1 T 

cyA — C 1 3 — C 1 2 


1 AO £i /OA 

lUz.o \l) 


/"'AD /^ll 

cytj — C 1 3 — C 1 2 


1 AC T 
lUD./ (^Jj 


/^A A /^l "3 XJ1 "5 A 

CyA — C13 — rH3A 


1111 

lll.z 


/^ATD XJ1 "2 A 
CyB — C 1 3 — M 1 3 A 


1 "5 1 n 
131./ 


i^lO XJ1 "5 A 

C12 — C13 — rll3A 


I 1 1 o 

I I l.Z 


/^A A /^ll LJ1 "ID 

CyA — C 1 3 — xi 1 3d 


I 1 1 o 

I I l.Z 


CytJ — C 1 3 — rl 1 3d 


O /I o 

o4.Z 


C 12 — C 13 — hi 13d 


I 1 1 o 

I I l.Z 


H 1 3A — C 1 3 — rl 1 3d 


1 AA O 

luy.z 


/^A A 1 Q TUIQ/^ 

cy A — C 1 3 — H 1 3 C 


O/; A 
o6.U 


Cyo — C 1 3 — xi 1 3C 


1 1 A iC 

11U.6 


C 1 2 — C 1 3 — rl 1 3 C 


1 1 A /; 
1 lU.D 


11 1 3 A — C 1 3 — rl 1 3C 


ZO. / 


XJ1 ITi XJ1 "3/^ 

1113d — C13 — 1113C 


1 OA 1 

izy.z 


/^A A XJ1 "iT^ 

cyA — C13 — 1113U 


1 /I A 

i34.y 


cyo — C 1 3 — H 1 5\J 


1 1 A /; 
1 lU.D 


C 1 2 — C 1 3 — 11 1 3U 


1 1 A 
1 lU.O 


1113A — C13 — rll 3U 


o4.4 


1113d — C13 — rll 3U 


00 A 

Zo.U 


H 1 3C — C 1 3 — H 1 5\J 


1 AO n 
lUo. / 


C 1 y — C 1 4 — C 1 J 


uy.D (I) 


Ciy — C14 — Co 


1 OA T /0\ 
1 ZU. / (Z) 


CI J — C14 — Co 


1 1 A O /0\ 

iiy.o (I) 


C 1 o — C 1 J — C 1 4 


1 1 A A /^0\ 

iiy.y (1) 


C 1 0 — C 1 J — H 1 J 


1 OA 1 

12U. 1 


A C XJ1 C 

C14 — CI J — MID 


1 OA 1 

IzU. 1 


C 1 / — C 1 0 — C 1 J 


1 OA 1 

IZU. 3 (3) 


f~^\n '\J^£, 

CI / — clo — mo 


1 1 A A 

uy.y 


Clj — Clo — Mlo 


1 1 A A 

iiy.y 


a ^^^^ ^^^o 
Clo — CI / — Clo 


1 1 A O 

iiy.o (i) 


i^i/C ^^^^ rji'7 
Clo — CI / — HI / 


1 OA 1 

IZU.l 


Clo — CI / — HI / 


1 OA 1 

12U. 1 
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ciy — Clo — ci / 


1 OA £i t1\ 

lzU.6 (i ) 


/^1A /^10 XJ1 O 

Ciy — Clo — Hlo 


1 1 A O 

iiy./ 


f~^\n /^io mo 
C 1 / — C 1 o — H 1 5 


1 1 A T 
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c 1 o — c 1 y — c 14 


1 OA A /0\ 

IZU.U \l) 


^^^o /^iA XJ1 A 

Clo — Ciy — Hiy 


1 OA A 
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c 1 4— c 1 y — H 1 y 


1 OA A 
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SI— C20— H20B 
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H20A— C20— H20B 
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SI— C20— H20C 


109.5 


H20A— C20— H20C 


109.5 


H20B— C20— H20C 


109.5 
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CI /^Q 

V2 — Si — CI — Co 


ion ^ 
— IJV.z \l) 




111 T /">\ 

lll.z (z) 


VI — 5> 1 — C 1 — C2 


34. z (z) 


CzU — b i — C i — Cz 


-75.4 (2) 


/"'O /"'I /"'T 

Co — CI — C/ — C / 


0.5 (2) 


CI /"'I 

o 1 — C 1 — Cz — C / 


1 / 1 '7\ 

—1 /3.yo (,1 /J 


r^o r^i 
Co — C i — Cz — Ci 


no /I 
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CI /^l /^o /^-I 

k> 1 — C 1 — Cz — C J 
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/"'T t^A 

C / — Cz — C J — C4 


-1.5 (4) 


/"■I /""Q 

C 1 — Cz — C3 — C4 


1 / /.z (3) 
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Cz — C3 — C4 — CD 


2.1 (4) 


Cz — C3 — C4 — CvrJ 
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/^c r^a r^n 
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1 /o.3 (Z) 
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-0.3 (2) 
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0.3 (4) 
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-0. 1 (3) 


/^o r^o 

Cz — C 1 — Co — U 1 


-0.7 (3) 


CI /^o c\^ 
al — CI — Co — Ul 


1 "71 "TA / 1 C\ 

v 1 5.1V (Id) 


f^"t f^Q A 
Cz — CI — Co — C14 


1 /o.o (Z) 


CI r^Q r^^ A 
Si — Ci — Co — C14 


-8.7 (4) 


r^n ^\^ r^o 

C/ — Ul — Co — CI 


U.O (2) 


/~^n /~^o A 
C/ — Ul — Co — C14 


ITT /I A /I A\ 
— 1 / /.4U (19) 


C3 — C4 — Cy A — C 1 3 


—21.0 (4) 


CD — C4 — cy A — C 1 3 


loo.l (3) 


C9B— C4— C9A— C13 


66.6 (3) 


C3— C4— C9A— ClOA 


-135.0(4) 


C5— C4— C9 A— C 1 OA 


52.7 (4) 


C9B— C4— C9 A— C 1 OA 


-46.8 (5) 


C3— C4— C9B— C13 


41.3 (8) 



CD — C4 — CyhS — C 1 3 


1 /iT A /Z\ 

-loz.y p) 
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Hydrogen-bond geometry (A, °) 

D—n-A D— H n-A D-A D—Yl-A 

C19— H19-02' 0.95 2.53 3.324(3) 142 
Symmetry codes: (i) x, -y+l/2, z-1/2. 
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